Vinexin, a recently identi®ed cytoskeletal protein, contains three SH3 domains and plays important roles in regulation of cytoskeletal organization and signal transduction. Using whole-mount in situ hybridization, we showed here that expression of vinexin a, the longer vinexin transcript, is strictly regulated, although the shorter transcript, vinexin b, is expressed almost ubiquitously during embryonic development in mice. Expression of vinexin a was limited to within part of the eye and heart in 10.5 dpc embryos. Analysis of cryosections of 10.5 dpc embryos showed that vinexin a was expressed in a dorsal half of the retinal pigment epithelium and in the out¯ow tract and atrioventricular canal of the heart. Furthermore, we also found that vinexin a was expressed in the gonad and in a ventral part of the pons of 12.5 dpc embryos. These results indicated that the expression of vinexin a is strictly regulated in a temporally and spatially restricted manner. q
Results and discussion
Regulations of cytoskeletal organization and gene expression are critical events in development (Yamada and Geiger, 1997; Kumar, 1998; Giancotti and Ruoslahti, 1999; Critchley, 2000) . Vinculin, one of the major cytoskeletal proteins, is known to regulate actin cytoskeletal organization and to play important roles in cell adhesion and cell locomotion, as well as in embryonic development Volberg et al., 1995; Xu et al., 1998) . We recently identi®ed a novel vinculin-binding protein, vinexin . Expression of vinexin promotes actin stress ®ber formation in NIH3T3. Vinexin also binds to Sos and enhances JNK/SAPK MAP kinase activation (Akamatsu et al., 1999) . Therefore, vinexin plays crucial roles in regulating both cytoskeletal organization and signaling pathways, although its importance in embryonic development is not known.
There are two types of vinexin, vinexin a and b, which share a common carboxyl-terminal sequence containing three SH3 domains. The larger vinexin a contains an additional N-terminal sequence. Vinexin a is expressed predominantly in the skeletal muscle in adults, whereas expression of vinexin b is relatively ubiquitous . Vinexin a stimulates the formation of actin stress ®bers more ef®ciently than vinexin b , suggesting that vinexin a and b have different functions in vivo.
To elucidate the functions of vinexins during development, we determined the patterns of vinexin a and b expression at 10.5 dpc using in situ hybridization. We used two probes, one for detecting only vinexin a and the other for both vinexin a and b. At 10.5 dpc, vinexin a was expressed in part of the eye and heart (Fig. 1A) . In contrast, the probe for vinexin a and b showed uniform staining, with stronger signals in the left ventricle, limb bud and branchial arch as well as in the eye and heart (Fig. 1B) . However, the staining signals in the left ventricle, limb bud and branchial arch by using a sense probe were also detected in some extent (data not shown), suggesting that the expression of vinexin b in these tissues may not be high as it shows. The staining in the out¯ow tract with the probe for vinexin a and b , which is weaker than that in the eye, may suggest that both vinexin a and b are expressed in the eye and that only vinexin a is 5 dpc embryo prepared using a vibratome was stained with the probe for vinexin a. Vinexin a was expressed in the optic cup (arrow), as well as in a ventral part of the hindbrain (arrowhead). Although expression of vinexin a was observed only in the dorsal half, the staining seemed to be detected in both sides of the optic cup in this panel because this is a horizontal section. (D,E) Cryosections of 10.5 dpc embryos in the coronal direction (shown in C) indicating vinexin a expression in the dorsal half of the RPE. (E) A higher magni®cation of (D). (F) Divided 12.5 dpc embryonic brain in the midline was stained by using the probe for vinexin a. Vinexin a was expressed in a ventral part of the pons (arrowhead). RPE, retinal pigment epithelium; NR, neural retina; D±V, dorsal±ventral orientation.
expressed in the out¯ow tract. At 9.5 and 12.5 dpc, vinexin b was expressed in a similar pattern (data not shown). Expression of vinexin a in the developing eye was ®rst detected at 10.0 dpc ( Fig. 2A) and was maintained at least until 13.5 dpc (data not shown). Vibratome sections of 12.5 dpc embryos showed that vinexin a was expressed in the optic cup (Fig. 2B, arrow) . The optic cup consists of two layers, the retinal pigment epithelium (RPE) and neural retina (NR). Cryosections of 10.5 dpc embryos showed that vinexin a was expressed only in the RPE, but not in the NR (Fig. 2C±E) . Interestingly, expression of vinexin a was restricted to within the dorsal half of the RPE.
Weak expression of vinexin a was ®rst detected at 8.5 dpc in the heart (data not shown). Then, it became stronger at 9.5 and 10.5 dpc (Fig. 3A) , and was maintained at later stages at least until 13.5 dpc (data not shown). Strong expression of vinexin a was detected at the out¯ow tract, with moderate expression in the atrioventricular (AV) canal in the heart of 10.5 dpc embryos (Fig. 3A) . Analysis of cryosections of 10.5 dpc embryos showed that vinexin a was strongly expressed in endothelial cells, but weakly in the mesenchymal cells in both the out¯ow tract and AV canal (Fig. 3C,D) . Interestingly, no expression of vinexin a was detected in the ventricular endothelial cells, which do not transform to mesenchymal cells, similar to the expression of smooth muscle a-actin (Nakajima et al., 1997 (Nakajima et al., , 1999 .
Analysis of 12.5 dpc embryos showed that vinexin a was also strongly expressed in the testis and ovary (Fig. 4) and in a ventral part of pons (shown by an arrowhead in Fig. 2B,F) . While vinexin a was expressed in the testis and ovary at 12.5 dpc, it was not expressed in the mesonephros, metanephros, or adrenal gland (Fig. 4 and data not shown) . The expression of vinexin a in neural tissues at 12.5 dpc was limited in the ventral side of the pons (Fig. 2F) .
In conclusion, although vinexin b is expressed almost ubiquitously, expression of vinexin a is strictly regulated in a temporally and spatially restricted manner during embryogenesis.
Materials and methods
Template plasmid pVNSK containing the 812 bp EcoRI± XbaI fragment of N-terminus of mouse vinexin a cDNA , which is not included in vinexin b, was used to detect speci®cally vinexin a. As the vinexin b-speci®c region is very limited, we used a template plasmid pVbSK, which detects both vinexin a and b, to elucidate vinexin b expression. pVbSK contains the 987 bp of mouse vinexin b coding sequence, which is common to both vinexin a and b. Whole-mount in situ hybridization was performed as described previously (Wilkinson, 1992; Ikeya and Takada, 1998) . Fig. 4 . Expression of vinexin a in the embryonic gonad. Vinexin a was expressed in the testis (A) and the ovary (B) of 12.5 dpc male and female embryos, respectively. T, testis; O, ovary; M, mesonephros.
